Abstract. In this study, the contrast-induced-nephropathy (CIN) of vascular patients who had undergone angiography was quantitatively evaluated using a semi-empirical model. The model compiled six essential serum readings and biological data from 70 patients in order to develop a 1st-order nonlinear equation with 16 defined terms. The expectation value of the model was used to predict the serum creatinine reading of patients that had been determined to be at high risk of CIN after contrast media (CM) administration. The other five variables included body surface area (BSA), administrated CM, serum creatinine level before CM administration, blood urea nitrogen (BUN), and systolic blood pressure level. A loss function was used to define the difference between the observed and predicted serum creatinine readings after CM administration. The dominant variables were proven to be systolic blood pressure, serum creatinine level before CM administration, and BSA. The cross interaction between the serum creatinine level before CM administration and systolic blood pressure was the decisive term of the model's performance, indicating that both should be specially considered in order to prevent CIN. The BSA, which was usually ignored by medical staff, was also proven to be a significant variable, whereas the BUN reading and amount of injected contrast media were negligible in the semi-empirical model.
Introduction
In this study, the contrast-induced-nephropathy (CIN) of vascular patients who had undergone angiography was quantitatively evaluated using a semi-empirical model. Radiographic contrast media (CM) are routinely used during numerous procedures, such as computed tomography (CT) scanning, angiography, and angioplasty in order to evaluate patients with vascular disease. As a result of these media, some patients develop CIN, an acute decline syndrome that can lead to renal failure. Cardiac angiography, as a diagnostic procedure, is performed under the potential risk of renal failure, especially in patients with preexisting renal insufficiency (RI), diabetes, old age, congestive heart failure, or dehydration. This procedure is risky since high dose of CM must be administrated in order to accurately diagnose patients. Many researchers have studied this phenomenon and attempted to suppress the possibility of CIN by monitoring the blood serum data and medical records of patients. Some researchers have been successfully in preventing CIN. Rashid, et al. [1] administered intravenous N-acetylcysteine in order to suppress the probability of CIN in high-risk patients; this procedure was successful in 44 patients. Kapoor, et al. [2] administered dopamine in renal doses to 40 patients with diabetes in order to prevent the advancement of CIN. In a randomized trial, Vogt, et al. [3] implemented prophylactic hemodialysis after CM administration in order to prevent the advancement of CIN in 113 patients that had been split into two groups. Shyu, et al. [4] evaluated the efficiency of the antioxidant acetylcysteine in limiting nephrotoxicity after coronary procedures based on the medical records of 121 patients. Koc, et al. [5] studied the relationship between serum creatinine level and CIN and attempted to prevent renal failure through a combination of intravenous N-acetylcysteine and varying amounts of hydration.
In this study, a quantified model was established in an attempt to evaluate the serum creatinine readings of vascular patients after undergoing angiography according to six serum levels and biological data. The variables included the body surface area (BSA), administrated CM, serum creatinine level before CM administration, blood urea nitrogen (BUN) level, and systolic blood pressure. The model configuration was established according to a computational program run with SATISTICA [6] . The model compiled the data of seventy male adult vascular patients who had undergone cardiac angiography within the past year and computed a nonlinear 1st-order regression equation fit with sixteen terms in order to obtain a compromised solution. The model was then verified using the data of another group comprised of thirty male adults with similar clinical syndromes.
Materials and Methods

Semi-empirical model
Six essential variable readings were included in this semi-empirical model, defined as (1) A: BSA, (2) B: administrated CM, (3) C: serum creatinine level before CM administration, (4) D: BUN level, (5) E: systolic blood pressure and (6) F: serum creatinine level after CM administration, the expectation value. The mathematical expression was as follows:
As shown in Eq. (1), the configuration of the model was defined in order to correlate the serum creatinine reading after CM administration (F) with the other five variables (A-E) according to either individual variables (a1-a5) or the cross interactions between two variables (a6-a15), resulting in a total of sixteen terms. The serum creatinine level after CM administration is the most important index for CIN prediction. Thus, predicting and suppressing the serum creatinine reading after CM administration is an important step in preventing CIN. As such, each of the variable readings was needed in order to normalize the variables to the same domain range, within approximately -1 and +1, before computation. This was required during the model configuration in order to unify the dominating contributions of the model.
In this equation, V * is the reading of the variable after normalized conversion, and V, Vmax, and Vmin are the original reading before conversion, maximum reading, and minimum reading of a specific variable (A-E), respectively. For example, the maximum and minimum readings for BSA were equal to 2.299 and 1.355 m 2 , respectively; thus the BSA of case nos. 2 and 9 were converted from their original values, 1.541 and 1.972, to normalized values, -0.557 and 0.326, respectively, according to Eq. (2). The main goal of the normalization process was to create an unified scale ranging from -1.00 to +1.00 so that every specific BSA reading, as well as the readings of the other variables, after normalization would fall within that range. Table 1 displays the readings of the six essential variables before (original) and after the normalization process (see Eq. (2) for the 70 vascular patients that had undergone angiography in 7DLFKXQJ $UPHG )RUFHV *HQHUDO +RVSLWDO LQ 7DLZDQ 7KH %6$ ¥H×W/3600)) m 2 ) was included since human metabolic mechanisms are significantly correlated with BSA. Large BSA and BMI values are interpreted as high fluid and solute turnover rates in humans [7] . The administered CM was an IOPAMIRO 370 injection (Bracco S.P.A. Italy) [8] . Serum creatinine is an important indicator of renal health since it is an easily measured byproduct of muscle metabolism that is excreted unchanged by the kidneys. Creatinine itself is produced via a biological system involving creatine, phosphocreatine (also known as creatine phosphate), and adenosine triphosphate (ATP, the body's immediate energy supply). Creatinine is primarily removed from the blood by the kidneys mostly through glomerular filtration, but also through proximal tubular secretion. Little or no tubular creatinine reabsorption occurs. If filtration by the kidneys is deficient, serum creatinine levels rise [9] . BUN readings are also an indication of renal health. The liver produces urea during the urea cycle as a waste product of protein digestion. Normal human adult blood should contain between 6 and 20 mg/dL of blood. Blood pressure varies depending on situation, activity, and disease states; thus, the blood pressure inside blood vessels during heart beats is always an important index. As shown in Table 1 , the readings in every normalized column varied between -1.00 and +1.00 and thereby provided equal contribution to the computational model.
Six variables
STATISTICA program
In this study, the semi-empirical model was run with the STATISTICA program [6] . The correlations among the variables (see Eq. (1) were determined and defined as nonlinear models, nonlinear estimations, and user-specified regressions with customized loss functions in order to perform a numerical analysis using the normalized data of the 70 patients. The predicted serum creatinine readings after CM administration were the expectation values of the computational results. Therefore, 350 individual data points [5×70=350] were included in the model in order to optimize the compromised solution array [70×1=70] of the serum creatinine reading after CM administration. In addition, sixteen items, including one constant, were used in the semi-empirical model in order to indicate any correlation among the variables. The loss function was defined as the total deviation between the observed and predicted serum creatinine readings after CM administration for all 70 cases. Table 1 The readings of the six essential variables before (original) and after the normalization process (see Eq. (2) 
Results
The last column of the Table 1 shows the predicted serum creatinine reading after CM administration. The data was calculated using the regressed semi-empirical model (see Eq. (1). The predicted data corresponded well with the original data (Table 1, column 7) indicating that the model did not result in any systematic mistake in the primary definition or any runtime errors during the analyzing process. Table 2 lists the regressed coefficients of all sixteen terms. As shown in Table 2 , the ranks of the normalized coefficients were also listed for reference. Dominant variables were defined to be variables with large coefficients in the regression analysis; thus, the most dominant variables included the systolic blood pressure (E, ranked 2), serum creatinine before CM administration (C, ranked 3), and BSA (A, ranked 4); in contrast, the CM administered (B, ranked 11) and BUN (D, ranked 12) only slightly affected the resulting model. The cross interactions among the variables also strongly affected the model's performance. The serum creatinine reading before CM administration and systolic blood pressure cross interaction (C×E, ranked 1) were most strongly correlated, whereas the BSA and Serum Creatinine before administration (A×C, ranked 5), CM and systolic blood pressure (B×E, ranked 6), and BSA and systolic blood pressure (A×E, ranked 7) cross interactions were moderately correlated and also measurable affected the model's performance.
The model yielded another regression result that included all of the coefficients when that data normalization process was bypassed (see Table 1 and Eq. (2)), as shown in Table 2 (column 4 and 5 under the original subtitle). However, without the normalization process, correlation did not exist among the coefficients. Ranking orders cannot imply the actual contributions of variables. Moreover, eight of the sixteen coefficients were approximately zero, implying that the contributions of the corresponding variables were either irrelevant or negligible. The computed results would have to be carefully interpreted in order to prevent misunderstanding. Table 2 The regressed coefficients of all sixteen terms. The ranks of the normalized coefficients were also listed for reference 
Discussion
Model verification
Data was obtained from an additional group comprised of 30 male adult vascular patients in order to verify the derived model. The BSA, systolic blood pressure, and age p-test results indicated that no significant differences existed between the two groups. The BSA, systolic blood pressure, and age ptest were equal to 0.84, 0.73, and 0.32, respectively. Table 3 displays the data used for verification. As shown in Table 3 , some of the readings after normalization exceeded 1.00, including that of case no. 24 (serum creatinine level before CM administration) and case nos. 4, 14, and 24 (serum creatinine after CM administration). This was because the acquired data was outside the minimum and maximum readings of those specific variables in the original group (see Table 1 ). The predicted serum creatinine reading after CM administration and its relative discrepancy (%) from the observed serum creatinine reading after CM administration are listed in the last two columns of Table 3 . Only one of the thirty predicted datasets exhibited relative discrepancies greater than 100%. Most of the relative discrepancies (23 out of 30) were less than 30%. Figure 1 illustrates the correspondence between the observed and predicted serum creatinine reading after CM administration for original and verification groups. The regression lines of the observed and predicted serum creatinine readings depicted a high degree of linearity, which is specified by the derived coefficient of determination (r 2 ). A perfect straight line has an r 2 value of 1.00. The coefficients of determination (r 2 ) were high (r 2 = 0.968) in this study.
Robust designation in model configuration
The semi-empirical model proposed in this study was constructed according to robust designation. The normalization of the serum levels and biological data improved the robustness of the system and simulated the loss function in reality [10] . Loss functions are used to identify any deviations between experimental and desired values. By unifying the domains of the involved variables, their specific contributions were accurately depicted; thus, from a robust designation viewpoint, the derived Table 3 The 30 male adult vascular patients for verification. Some of the readings after normalization exceeded 1.00. The predicted serum creatinine reading after CM administration and its relative discrepancy (%) from the observed serum creatinine reading after CM administration are listed in the last two columns. coefficients represented the dominance of the specific variables in reality and reduced the loss function of the model. In contrast, the last constant in the model (see Eq. (1) could be interpreted as the partial contribution of those undefined remainders since the correlation could have been too complicated to define or too fluctuated to quantify. The derived constant of the model was equal to 0.045 (ranked 14), indicating not only that the contribution from this item could be ignored since it barely affected the performance of the model, but also that the variables ranked lower than 14, such as BSA×BUN (ranked 15) or serum creatinine (before)×BUN (ranked 16), contributed to the model even less. This model could be further developed by expanding the contributions from the dominant variables while still providing reasonable prediction so that a comparatively small constant term would imply a low systematic error. 
Dominant variables 4.3.1. Systolic blood pressure
The pressure of blood circulating to the kidneys increases when the blood pressure increases. The kidneys cannot tolerate high blood pressure level since they are delicately structure organs. Furthermore, the kidneys filter large volumes of blood and, therefore, are very sensitive to changes in blood pressure. The kidneys can suffer from hypoxia or even become necrosis when the blood pressure is continuously low. In contrast, when the blood pressure is too high, the kidneys are damaged and proteinuria level can increase, resulting in renal tubule constriction, sclerosis and renal damage. This type of damage accumulates over time; thus, as a first step, high blood pressure should be controlled in order to reduce pressure exerted on the kidneys.
In one study, Dr. Perry analyzed 11,912 cases of early-stage hypertension ranging from 1974 to 1976 and discovered that the long term management of systolic blood pressure can effectively affect the later stages of Nephropathy [11] . From a physiological viewpoint, hypertension can cause afferent arterioles to systole. The systole of afferent arterioles can result in glomerular, renal tubule and avascular necrosis. This furthermore develops into loss function of kidney function and the development of renal atrophy and fibrosis. Thus, systolic blood pressure is the most important factor contributing to renal function
Serum creatinine
Serum creatinine reading is a highly stable measurement and indicator of renal function that is commonly used to evaluate the seriousness of renal dysfunction and monitor the progression of kidney diseases. Patients with continuously high serum creatinine readings often have an irreversible loss of kidney function. Serum creatinine is primarily derived from muscular activity and metabolism. The serum creatinine created by the body is filtered daily by the kidneys and excreted through urine. Therefore, if the kidneys are unable to entirely filter and excrete the normal daily amount of creatinine created by the body, the serum creatinine level increases. Serum creatinine readings are related to muscle mass. In addition, serum creatinine readings are a more accurate measurement than BUN readings in determining kidney function. According to the definition of glomerular filtration rate (GFR) [(0.55×Height (cm))/(Scr (mg/dl))] given by Schwartz, as the serum creatinine level of a patient increases, the GFR decreases. If a patient's GFR is continuously less than 60 ml/ min /1.73 m 2 for three months or longer, the patient is clinically diagnosed with chronic renal disease. Therefore, serum creatinine is a very important measurement and indicator of the existence of kidney disease [12] [13] [14] .
BSA
The BSA values provided a negligible amount of information regarding the routinely vascular patients that had undergone cardiac angiography. However, from a physiology viewpoint, serum creatinine is a byproduct of the metabolic mechanism of muscular activity, and large BSA values imply large amount of muscular tissue. Therefore, BSA values should still be considered during CM administration in order to prevent CIN. Furthermore, according to the derived model, BSA was ranked fourth in variable dominance (see Table 2 ).
Conclusion
In this study, the CIN of vascular patients that had undergone angiography was quantitatively calculated using a semi-empirical model. The model was defined by 16 terms, comprised of 6 individual variables and their cross interactions. The coefficients of the semi-empirical model were derived from a regression analysis performed with STATISTICA using the data of 70 male adult vascular patients that had undergone angiography within the last year. The model's performance was verified using the data of another group of 30 patients with similar clinical syndromes. The loss function of the model was defined as the deviation between the observed and predicted serum creatinine readings after CM administration. The dominant variables included the systolic blood pressure, serum creatinine reading before CM administration, and BSA. The BUN reading and amount of injected CM did not significantly affect the model's performance.
